Background: Few studies have investigated treatment options for patients with Alzheimer's disease (AD) showing a poor response to oral cholinesterase inhibitors (ChEIs) in Japan. Objective: To investigate the efficacy and safety of switching from oral ChEIs to rivastigmine transdermal patch in patients with AD. Methods: In this multicenter, open-label, phase IV study in outpatient clinics in Japan, patients with mild-moderate AD who had a poor response to or experienced difficulty in continuing donepezil or galantamine were switched to rivastigmine transdermal patch (5 cm 2 ; loaded dose 9 mg, delivery rate 4.6 mg/24 h) with a 1-step titration in week 4 (10 cm 2 ; loaded dose 18 mg, delivery rate 9.5 mg/24 h), which was contin- ued for 4 weeks in the titration period and 16 weeks in a maintenance period. The primary endpoint was the change in Mini-Mental State Examination (MMSE) total score from baseline to week 24. Results: A total of 118 patients were enrolled and switched to rivastigmine, of which 102 completed the 24-week study. The MMSE total score was essentially unchanged during the study, with a least-square mean change (SD) of −0.35 (2.64) at week 24 (p = 0.1750). Exploratory analysis with a mixed-effect model comparing changes in MMSE between the pre-and post-switch periods suggested that switching to rivastigmine prevented a worsening of MMSE. Application site skin reactions/irritations occurred in 30.5% of patients overall, in 22.0% in the 8-week titration period, and in 10.2% in the 16-week maintenance period. Conclusion: Within-class switching from an oral ChEI to rivastigmine transdermal patch might be an efficacious and tolerable option for AD patients showing a poor or limited response to a prior oral ChEI.
Introduction
The use of cholinesterase inhibitors (ChEIs) to treat Alzheimer's disease (AD) has increased steadily over the last two decades since the approval of donepezil in 1999 and galantamine and rivastigmine in 2011 in Japan [1] . However, it is estimated that a large proportion of patients experience a lack or loss of efficacy to the ChEI. Open-label studies in Europe and North America indicated that about 50% of patients who had experienced a lack or loss of efficacy to donepezil responded to treatment with rivastigmine [2] . Accordingly, back in 2003, a panel of experts proposed switching ChEIs in patients with a limited response to their therapy [2] , an approach supported by clinical studies [3] and a recent review of the literature [4] . However, while switching ChEIs is recommended in treatment guidelines for AD, it is not routinely performed [5] .
Switching to rivastigmine transdermal patch from donepezil, galantamine, or oral rivastigmine was shown to be an effective option in prior studies in Europe/North America [6] [7] [8] . However, except for a study in South Korea [9] , the efficacy and safety of this approach has not been well examined in AD patients in Asia including Japan, where the ethnic backgrounds and medical settings differ from those of Western countries. Therefore, we performed a phase IV study to investigate the efficacy and safety of switching to rivastigmine transdermal patch in patients who were on a stable dose of donepezil or galantamine for > 4 weeks but did not receive a significant clinical benefit from those oral ChEIs. Rivastigmine transdermal patch was approved in Japan following the results of a 24-week clinical trial that examined the efficacy and safety of two dose levels (9 and 18 mg) of rivastigmine [10] . This study led to the approval of a three-step titration algorithm, starting from 4.5 mg, then increasing stepwise to 9, 13.5, and finally 18 mg. This approach takes a minimum of 12 weeks to reach the effective dose (18 mg loaded dose; 9.5 mg/24 h delivery rate). Therefore, a recent study investigated the safety and efficacy of an abbreviated, one-step titration algorithm in which dosing starts at 9 mg and is increased to the effective dose 4 weeks after starting treatment [11] . This one-step titration algorithm was approved in Japan in 2015 and was used in the present study to confirm that the effective dose could be reached quickly in an outpatient setting.
We hypothesized that treatment with rivastigmine transdermal patch for 24 weeks after switching from an oral ChEI will attenuate the decline in cognitive function (determined using the Mini-Mental State Examination; MMSE) in patients with AD who experienced a decline in cognitive function (assessed by MMSE) and/or aggravation of activities of daily living (ADL) or behavioral and psychological symptoms of dementia (BPSD).
Study Design
This open-label, single-group study was performed with dementia specialists at 20 outpatient hospitals and clinics in Japan. It comprised a screening visit, an 8-week titration period, and a 16-week maintenance period (online suppl. Fig. S1 ). Patient eligibility, demographics, medical history, treatment history, brain MRI scan (if the patient's most recent scan was taken > 3 years earlier), and MMSE were recorded at the screening visit 2-4 weeks before the planned start of rivastigmine. On day 1 in the titration period, the patient's prior oral ChEI was discontinued and replaced with a 5 cm 2 rivastigmine transdermal patch (loaded dose 9 mg, delivery rate 4.6 mg/24 h), which was to be applied every 24 h. On day 29 (week 5), patients were switched to the 10 cm 2 rivastigmine transdermal patch (loaded dose 18 mg, delivery rate 9.5 mg/24 h) in a one-step titration scheme for 4 weeks (titration period). Dose reductions, temporary interruption, or treatment discontinuation were also permitted if deemed necessary by the investigator. The dose used at the end of the titration period was to be continued for 16 weeks (maintenance period) through to study week 24.
The rivastigmine transdermal patch was applied to patients' back, upper arm, or chest. Topical treatments, including steroids, antihistamines, and heparin-like substances could be administered if necessary. Heparin-like substances were the only products used by patients as moisturizers in this study.
Endpoints
The primary endpoint was the change in MMSE total score from baseline to Week 24. Secondary endpoints included the following: the change in MMSE total score from baseline to week 8; and changes in Neuropsychiatric Inventory-10 (NPI-10) from baseline to weeks 8 and 24; Quality of Life-Alzheimer's Disease Scale (QOL-AD) scores at week 24; changes in the Japanese version of the Clinical Global Impression of Change (J-CGIC) and modified Crichton Scale score from baseline to weeks 4, 8, 16 , and 24; and caregiver-assessed usability of rivastigmine transdermal patch. As an exploratory endpoint, we also compared the change in MMSE between baseline and week 24 with the change observed over 24 weeks before study enrolment in patients with available data. Safety was assessed throughout the study in terms of adverse events (AEs), serious AEs, AEs of special interest (skin-related and gastrointestinal [GI]-related AEs), laboratory/biochemistry, and vital signs. Additional information on study assessments is given in the online supplementary Methods.
Statistical Analyses
Statistical analyses are described in the supplementary Methods.
Results

Patients
The study was conducted between May 9, 2016, and May 7, 2018. Of 147 patients screened, 118 were enrolled and comprised the full analysis and safety analysis sets (Fig. 1 ). Of these, 102 completed the study period. Fourteen patients discontinued due to AEs. Most of the patients were enrolled due to lack or loss of efficacy of the prior oral ChEI (n = 112; 94.9%), while 10 patients (8.5%) experienced difficulty with their prior therapy ( Table 1) .
Patient characteristics are presented in Table 2 . The mean age was 76.4 years, 60.2% of patients were female, and nearly all (94.9%) were living with a caregiver or other individual. The mean time since the symptoms were first observed by a caregiver was 4.3 years, and the mean time since diagnosis was 2.5 years. MMSE total score at baseline was 17.3 and ranged from 10 to 23. Prior therapy was donepezil in 61.0% and galantamine in 39.0%. One-third (35.6%) of patients were on concomitant memantine during the study. Patients did not require medication for the management of neuropsychiatric symptoms except for three who used risperidone.
The overall mean compliance rate was 97.6% and was between 75 and 100% in 113 (95.8%) patients. The compliance rate was 25-50% in 3 patients (2.5%) and 50-75% in 2 patients (1.7%).
MMSE Total Scores
As shown in Figure 2 , the MMSE total score was fairly stable throughout the study, with a least-squares mean change of 0. (p = 0.1750 vs. baseline). The overall MMSE responder rate was 37.3% (95% confidence interval [CI] 28.6-46.7%; n = 44), which included 3 patients with no change (2.5%; 95% CI 0.5-7.3%) and 41 patients with an improvement (34.8%; 95% CI 26.2-44.1%) in MMSE at week 24 relative to baseline.
In an exploratory analysis, it was apparent that there was a marked reduction in MMSE total score over 24 weeks before study enrolment and that MMSE remained stable during the 24-week study period (Fig. 3) , with changes of −1.80 (95% CI −2.37, −1.23; n = 84) and −0.08 (95% CI −0.53, 0.37; n = 118), respectively. This analysis suggests that patients experienced marked worsening during their prior ChEI therapy, and that ongoing decline was prevented by switching to rivastigmine.
To further investigate the effects of switching to rivastigmine transdermal patch, we also compared the changes in MMSE between subgroups of patients divided by baseline MMSE category, reason for study inclusion, age, use of skin moisturizer at baseline, and compliance, which were planned prior to the study ( Fig. 4 and online suppl. Fig. S2 ). As indicated, there were some differences among subgroups, with tendencies towards greater attenuation in decline of MMSE in patients with higher baseline MMSE total scores and in patients enrolled due to a ≥2-point decline of MMSE within 6 months with previous treatment (i.e., reason A-2) (Fig. 4) . However, it must be acknowledged that some of these subgroups included small numbers of patients and thus showed large 95% CIs. Figure 5 and online supplementary Table S2-S4 show the results of the secondary endpoints NPI-10, QOL-AD, modified Crichton Scale, and J-CGIC. As shown in Figure 5a , there Change in MMSE total score from baseline. The primary endpoint was the change in the MMSE total score from baseline to week 24 in the full analysis set. The analysis was performed using a mixed-effects model for repeated measures, with visit as a fixed effect, baseline MMSE total score as a covariate, and subject as a random effect. An unstructured covariance matrix was used to construct an intrasubject error model. Least-squared means of the changes at week 8 and week 24 are shown along with the 95% two-sided confidence interval and p value. was an improvement in the NPI-10 total score from baseline through to week 8, which returned to the baseline level at week 24; the mean (95% CI) scores at each time point were 11.4 (9.4-13.5), 9.7 (7.6-11.8), and 10.1 (7.7-12.5), respectively. There was a tendency toward improvements (i.e., reductions in scores) for several domains, notably apathy/indif- Fig. 3 . Change in MMSE total score in 6 months prior to baseline and in 6 months after switching. Mixed-effects model for repeated measures of changes in MMSE total score in the pre-baseline and post-baseline periods. Changes in MMSE total scores before and after switch were analyzed using a mixed-effects model, which included the pre-switch period and post-switch period as separate fixed effects, and an intercept estimated for each patient. The slopes of the lines before and after switch were estimated using the model. Shown here are the estimates with 95% two-sided confidence interval. Table 1) . Online supplementary Figure S2 shows changes in MMSE scores in patients divided according to age, use of skin moisturizer at baseline/during the study, and compliance. For all analyses, the mixed-effects model with repeated measures was used. Least-squared means of the changes are shown along with the 95% two-sided confidence interval. ference and anxiety, although none of those improvements in subdomains reached statistical significance (online suppl. Table S3 ). The caregiver-assessed and patient-assessed QOL-AD total scores were fairly stable during the study, with mean (95% CI) changes of −0.16 (−1.21, 0.90) and −0.34 (−1.39, 0.70), respectively, from baseline to week 24 (Fig. 5b , online suppl. Table S2 ). Although the changes are similar, caregivers tended to rate the score lower (i.e., worse) than did the patients.
Secondary Efficacy Endpoints
The total modified Crichton Scale score was initially maintained from baseline through to week 8, followed by increases in scores (i.e., worsening) at weeks 16 and 24, with a mean change of 2.23 (95% CI 0.93-3.54) from baseline to week 24 (Fig. 5c , online suppl. Table S2 ).
The J-CGIC score was generally favorable during the study (Fig. 5d , online suppl. Tables S2-S4 report additional data for each secondary endpoint.
Ueda
Safety Overall, 88 patients (74.6%) experienced at least one AE during the study, with AEs occurring in 54 patients (45.8%) in the 8-week titration period and in 63 patients (53.4%) in the 16-week maintenance period (Table 3 ). The most common AEs were skin-related AEs. A total of 8 serious AEs occurred in 5 patients (4.2%), most of which occurred in the mainte- (Table 4) . Fourteen patients discontinued due to AEs (Table 5 ) and 12 patients required a dose reduction due to an AE (online suppl. Table S5 ). Dementia-related and skinrelated AEs were the most common types of AEs resulting in discontinuation of treatment or a dose reduction. The incidences of skin-related and GI-related AEs were examined as AEs of special interest (Table 6 ). AEs of special interest occurred in a total of 40 patients (33.9%) and included application site skin reactions or irritations in 36 patients (30.5%) and GI symptoms in 9 patients (7.6%). The incidence of skin-related AEs was numerically higher in the titration period (22.0%) than in the maintenance period (10.2%) The incidence of skin-related AEs was similar between patients who used a moisturizer at baseline and those who did not ( In terms of GI-related AEs, there was no apparent difference in the incidence of GI symptoms between titration and maintenance periods (3.4 vs. 4.2%) ( Table 6 ). However, the incidence of GI symptoms was slightly greater in patients in the lower-weight bands than in patients in the higher-weight bands (online suppl. Table S6 ), perhaps reflecting greater systemic exposure in lower-weight patients.
Usability/Preference
More than half of the caregivers reported that rivastigmine transdermal patch was very easy (32.5%) or easy (22.2%) to use compared with oral tablets, while 10.3% reported no change (Fig. 6) . The other one-third of caregivers thought that rivastigmine transdermal patch was not easy to use (30.8%) or not easy to use at all (4.3%). The most common reason cited by the caregivers for the ease of use was that rivastigmine transdermal patch is easier to follow the medication schedule (42.4%) and that it provides visual reassurance that the medication is being taken (28.8%) ( Table 8 ). The most common reason given by caregivers to explain why rivastigmine transdermal patch was not easy to use was that oral drugs can reduce their burden for preparing and administering medication. Values indicate number (%) of patients. AE, adverse event. Table 7 . Incidence of application site skin-related adverse events according to use of moisturizer at baseline (week 1-24) Table 8 . Caregiver assessment of usability (n = 118)
For caregivers responding that the patch was "very easy to use" or "easy to use" a Easier to follow medication schedule 50 (42.4) Can provide visual reassurance that the medication is being taken 34 (28. 
Discussion
Efficacy
In this study, we examined the efficacy and safety of a one-step switch from an oral ChEI to rivastigmine transdermal patch in patients with mild to moderate AD in hospitals and clinics in Japan. The efficacy was assessed using a battery of clinical tests, namely MMSE, NPI-10, QOL-AD, modified Crichton Scale, and J-CGIC. The primary endpoint, MMSE total score, showed a decrease of 0.36 from baseline through to week 24 that is not significantly different from the baseline, suggesting that cognitive function was maintained after switching to rivastigmine transdermal patch. There was a small improvement at week 8, which might represent a short-term effect of medication switch, although we cannot exclude the possibility of a learning effect. When we used the mixed-effects model to compare the changes in MMSE between the 24-week period before baseline and the 24-week study period, we observed that a marked MMSE deterioration in the pre-study period was halted and stabilized after switching to rivastigmine transdermal patch. Because 112/118 patients (94.9%) were enrolled due to a lack or loss of efficacy with oral ChEIs, these results suggest the clinical usefulness of switching to rivastigmine transdermal patch in patients who do not show a good response to oral ChEIs.
It is intriguing to note that the response to rivastigmine tended to be greater in patients with relatively mild AD, such as those within high baseline MMSE total scores. This finding suggests that greater efficacy could be achieved by switching from oral ChEIs to rivastigmine transdermal patch at an earlier stage. There was a tendency towards a greater responsiveness among the patients enrolled due to an MMSE score decline, compared to those enrolled due to worsening in BPSD or ADL. This may be attributable to the use of MMSE rather than NPI-10 or modified Crichton Scale for evaluating the responsiveness to ChEIs. Nevertheless, these results suggest the importance of periodic follow-up of patients using MMSE or other cognitive batteries as part of their medical examination, along with the evaluation of ADL and BPSD as a basis for deciding on whether/when to switch from an oral ChEI to rivastigmine transdermal patch.
In terms of other efficacy endpoints, we observed an improvement in the NPI total score within about 8 weeks of starting treatment, which returned to baseline level by the end of the study. However, discordant with the other efficacy outcomes, there was a slight worsening in the modified Crichton Scale during the course of the study, which might represent the accu- mulated burden of long-term care. Indeed, it has been reported that the caregiver's evaluation of the patient's ADL worsens as the level or the period of burden increases [12] . The greater expectation for a positive treatment outcome by caregivers as compared with doctors [13] might also contribute to the discordant evaluations in the present study. It has been reported that caregivers who are unrelated to their patient perceive their patient's abilities to be higher than do caregivers who are closer or related to patients, such as spouses [14] . This may also be related to differences in burden or the level of expectation. These findings stress the importance of providing education and support to caregivers. Indeed, it has been reported that caregiver psychoeducational intervention can increase their own QOL and reduce their burden [15, 16] .
QOL assessed by the caregivers and patients was essentially maintained over time. This may reflect stability of QOL, or alternatively indicate that QOL-AD may not be sensitive to short-term changes. The lower rating of QOL-AD scores reported by caregivers versus the patients' own responses agrees with the worsening of the modified Crichton Scale, which may be related to the patient's lack of awareness of their symptoms and/or the burden imposed on caregivers.
A notable finding, however, relates to the discordant response rates for J-CGIC and MMSE, as about 40% of patients experienced no change/improvement in MMSE compared with ∼90% for J-CGIC. One explanation is that MMSE reflects part of the overall dementia symptoms, and that clinicians might perceive an overall improvement if BPSD and ADL are maintained, even in patients with worsening cognitive function.
Safety
In the present study, we did not observe any unanticipated AEs that were reported in previous studies. This suggests that switching from an oral ChEI to rivastigmine transdermal patch can be safely performed using a one-step titration method. The safety profile in this study was consistent with that reported in a prior clinical trial in Japan comparing the efficacy and safety of one-step and three-step titration algorithms [10] and another study that used a three-step titration algorithm with the final doses of 18 mg (9.5 mg/24 h, 10 cm 2 ) and 9 mg (4.6 mg/24 h, 5 cm 2 ) [10] . As expected from the results of prior studies in Japan [10, 11] , skin-related AEs were the most common AEs in this study. However, the incidences of these AEs were lower in the present study than in the prior studies. For example, application site erythema and application site pruritus occurred in 7.6 and 8.5% of patients, respectively, in the present study versus 39.4 and 34.8% in the first 24-week study in Japan at the same dose of rivastigmine [10] . This might suggest improvements in managing skin symptoms or preventative therapies, such as early application of moisturizers. Indeed, in the present study, the incidence of skin-related AEs was similar between inpatients who used moisturizers at baseline and those who did not. This could be explained by an improvement in skin care if moisturizers were preferentially applied to patients with sensitive skin who might be prone to skin-related AEs. It is also possible that some patients did not choose to or could not use moisturizers, despite experiencing skin symptoms. Considering that the incidence of skin-related AEs was similar between the titration and maintenance phase, it seems clear to us that clinicians and caregivers should be vigilant for and consider preventative treatments during titration and ongoing therapy with rivastigmine transdermal patch.
The other AEs of special interest were related to GI symptoms. Due to the study design in which patients switched directly from their previous oral ChEI to 9 mg rivastigmine transdermal patch, patients who experienced GI AEs with their prior therapy were excluded from the study. Despite this exclusion, approximately 8% of subjects experienced GI AEs. This
Compliance
The overall compliance rate was high, with an overall mean compliance rate of 97.6%, and the majority of patients had compliance of 75-100%. This high compliance rate may reflect the administration of rivastigmine transdermal patch by a caregiver, or it may be because ongoing and regular visits with clinicians in the clinical trial setting and better understanding of the disease and treatment by caregivers may encourage adherence and compliance to the prescribed treatment.
Usability
In terms of usability, 54.2% of the caregivers reported that rivastigmine transdermal patch was easy or very easy to use. This compares with a value of 61% in a prior study in Japan [10] . The slightly lower proportion in the present study might be because very few patients were enrolled in the study due to difficulty with continuing their previous oral medication; patients experiencing difficulty in taking an oral medication might experience a greater benefit of switching to a transdermal patch.
Comparison with Previous Studies of Switching among ChEIs
Based on comprehensive evaluations such as network meta-analysis and systematic review, it is thought that rivastigmine, donepezil, and galantamine have similar effects on cognitive function [17, 18] . However, the responses of each patient to these ChEIs might vary due to differences in the mechanism of action, metabolism, pharmacokinetics, and the treatment compliance of these ChEIs that may be affected by the formulation type and the frequency of administration. Thus, patients who are unresponsive to one agent may respond to a different ChEI [4] . In fact, in a prospective study in which patients with a poor response to an oral ChEI were switched to rivastigmine transdermal patch for 6 months, the MMSE score was stable or improved in over half of the patients [8] . In addition, a post hoc analysis of the EVOLUTION study revealed improvements in BPSD, especially in delusions and anxiety items, in moderate AD patients after switching from an oral ChEI to rivastigmine transdermal patch [19] . The results of these studies are consistent with the findings of the current study.
The benefit of switching ChEIs is not limited to cases where oral ChEIs are switched to rivastigmine transdermal patch. For example, a post-marketing phase IV study revealed an improvement in cognitive function when patients were switched from donepezil to galantamine [20] . Although our study is limited to a one-directional switch from donepezil or galantamine to rivastigmine, considering the potential difference in the individual patient's response to each ChEI, we believe that switching to other drugs should be considered for patients who do not respond to rivastigmine. Many of the switching studies conducted to date involved switching from oral ChEIs to rivastigmine transdermal patch. To demonstrate the usefulness of switching among ChEIs in general, it is necessary to conduct a study in which patients switch among the three ChEIs under the same conditions.
Limitations
A main limitation of this study is that we did not include a control group (e.g., continuation of prior oral ChEI), which may limit the validity of the analyses. In addition to the pharmacological action of rivastigmine, the expectations of patients and caregivers for the new medication and environmental changes associated with switching in the clinical trial setting, 
Conclusions
In conclusion, within-class switching from an oral ChEI to rivastigmine transdermal patch might be an efficacious and tolerable option for AD patients showing a poor or limited response to a prior oral ChEI.
